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After a brief review of the flaw in the treatment of inverse-square orbits in Newton’s 
Principia, there follow a detailed presentation and an analysis of the most interesting ap- 
proach that has been offered in defense of that treatment. The defending approach is based 
on a cogent argument constructed from ingredients taken from Propositions XI-XIII cum 
Corollary 1 of Principia Book One and one additional ingredient; but the claim that it 
accurately reflects the argument outlined in the Principia is here shown to be spurious. As 
a by-product of the analysis there emerges a refutation of the Principiu-defending claim 
presented by E. J. Aiton (Archives Internationales d’fiistoire des Sciences 38, 271-276 
(1988)). Finally, it is pointed out that the conclusion one must draw in Propositions XI-XIII 
is different from that which has been drawn for the past three centuries-a fact which has, 
however, no direction-altering impact on the main thrust of this paper. 8 1992 Academic P~CSS, 
Inc. 
Apres un examen bref de l’imperfection dans le traitement des orbites inverses-du-carrt 
dans les Principia de Newton, il y  a une presentation et une etude detaillee de la mtthode 
la plus interessante que I’on a present& en defense de ce traitement. Cette approche proposte 
pour la defense est basee sur un raisonnement logique compose d’elements tires des Proposi- 
tions XI-XIII avec le Corollaire 1 dans les Principiu Livre Un, et un element supplementaire; 
mais on voit ici que la declaration qu’elle represente fidtlement l’argument pr&entt dans les 
Principiu est demontrablement fausse. En consequence de l’analyse, une refutation apparalt 
contre la defense de les Principia presentte par E. J. Aiton (Archives Internationales d’His- 
toire des Sciences 38,271-276 (1988)). Enfin, on fait remarquer que la conclusion qu’il faut 
tirer des Propositions XI-XIII est differente de celle que I’on a tiree pendant les trois demiers 
siecles, ce qui n’influe pas cependant directement sur les idtes maltresses de cet article. 
Q 1992 Academic Press, Inc. 
Nach einer kurzen Erkllrung des Fehlers in der Behandlung der Bahnen nach dem Gesetz 
der inversen Quadrate in Newtons Principia folgen hier eine eingehende Erorterung und eine 
Analyse des interessantesten Ansatzes, der bislang vorgeschlagen worden ist, urn diese 
Behandlung aufrechtzuerhalten. Dieser Ansatz grtindet sich auf ein zwingendes Argument, 
das sich aus Elementen zusammensetzt, die ihrerseits den Propositionen XI-XIII mit Korol- 
lar 1 der Principia (Buch 1) und einem zusatzlichen Element entnommen sind; aber die 
Behauptung, dass dieser Ansatz das Argument, das in den Principia umrissen ist, genau 
widerspiegelt, wird hier als falsch nachgewiesen. Als Nebenprodukt der Analyse ergibt sich 
eine Widerlegung der in E. J. Aiton (Archives Internationales d’Histoire des Sciences 38, 
271-276 (1988)) aufgestellten Behauptung, welche die Principia verteidigt. Schliesslich wird 
darauf hingewiesen, dass der Schluss, den man auf Grund der Propositionen XI-XIII ziehen 
muss, sich von dem Schluss, den man seit drei Jahrhunderten zieht, unterscheidet. Aber 
diese Tatsache Bndert nichts am Hauptargument dieses Beitrags. o 1992 Academic press. IN. 
AMS 1991 subject classifications: OlA45, 7OFO5. 
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Several times in print since 1979 attention has been called to the invalidity of 
the purported proof in Newton’s Principiu [Newton 1969, 56-611 that a particle 
moving under the sole influence of an inverse-square force toward a fixed point 
must have as its orbit, if it is not moving in a straight line, one of the conic 
sections-an ellipse (perhaps a circle), a hyperbola, or a parabola-with a focus 
at the fixed point of attraction (force center) [Weinstock 1982, 1983b, 1989, 19901. 
It is true, as is well known, that an inverse-square force does imply a conic-section 
orbit; of mathematically correct proofs there are several, with birth dates strung 
out from 1708 to 1979. But no known one of them is from the mind or pen of Isaac 
Newton. The earliest report of this fact, evidently, appears in a German-language 
book-length study of Newton’s life and work by one Ferdinand Rosenberger [ 1895, 
183-1841. But Rosenberger’s report was effectively buried-out of sight, at least, 
to nonreaders of Serbo-Croation [Petronijevic 1933]-until quite recently [Wein- 
stock 19891. A second report is found in [Wintner 1941, 421-4221. 
The faulty argument offered by Newton in the Principia comes in three parts: 
(a) In Propositions XI-XIII of Book One, Newton concludes from rather compli- 
cated sequences of kinematic and geometric steps that if a particle has one of the 
conic sections as its orbit under the sole influence of a force directed toward one 
focus, then the force must have a magnitude inversely proportional to the square 
of the distance from the focus [Newton 1969, 56-613. 
In Corollary 1 to Proposition XIII, he then declares 
From the three last Propositions it follows, that if any body P goes from the place P with any 
velocity in the direction of any right line PR, and at the same time is urged by the action of 
a centripetal force that is inversely proportional to the square of the distance of the places 
from the centre, the body will move in one of the conic sections, having its focus in the centre 
of force; and conversely [Newton 1%9, 611. 
And this is how the matter rests on the printed page of Principiu first (1687) ed. 
[KoyrC & Cohen 1972, 1251: Having educed a theorem, Newton declares that its 
converse follows from it-an obvious nonsequitur. And it was so identified publicly 
by Johann Bernoulli-but not until 1710, 23 years after its first appearance 
[Whiteside 1974,148]. Meanwhile Newton had in 1709 appended a pair of sentences 
to the unaltered nonsequitur for appearance in the second (1713) edition [Hall & 
Tilling 1975, 5-6; Cohen & KoyrC 1972, 1251; slightly altered for the third (1726) 
edition, they read: 
(9 
For the focus, the point of contact, and the position of the tangent, being given, a conic section 
may be described, which at that point shall have a given curvature. But the curvature is given 
from the centripetal force and velocity of the body being given; and two orbits, touching one 
the other, cannot be described by the same centripetal force and the same velocity [Newton 
1969, 611. 
This, according to Newton scholars down to our own time [Whiteside 1974, 148; 
Hall & Tilling 1975, 61, completes the proof (at least in outline) and so demolishes 
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Johann Bernoulli’s objection. Corollary 1, as Newton left it at his death in 1727, 
is expressed here in toto by (p) and (y). 
Since 1979, however, it has been the view of a considerable number of scholars 
to whom the case has been presented that the combined content of (a), (p), and 
(y) constitutes no logical argument-nor even an outline of one-that an inverse- 
square force implies a conic-section orbit. That Newton offers no proof of either 
portion of(y) is not at issue. Even if both parts of(y) had been impeccably proved 
in the Principia, what Newton offers as proof that an inverse-square force implies 
a conic-section orbit violates a simple basic principle of logic: One must never, as 
part of a proof, assume and make use of a statement that one intends to arrive at 
as conclusion; introduction and use of such a statement-tantamount to assuming 
what one seeks to prove-renders a purported proof fallacious [Edwards 19721. 
Newton uses in his purported proof the hypothesis of a particle moving in a conic- 
section orbit. 
* * * * * 
Over the years since 1979 there have been offered, from time to time, various 
arguments in defense of the sequence ((4, (p), (r)}-i.e., of Propositions XI-XIII 
cum Corollary 1. Because of the palpable fallacy therein, however, one must of 
course expect each such defense itself to be flawed-either in logic or in the 
accuracy of its description of what is presented in the pertinent portion of the 
Principiu. Of the four published attempts at defense known to this author [Stehle 
1983; Aiton 1988; Erlichson 1990; Pourciau 19911 the earliest and next to latest 
have undergone published refutation, their flaws having been dealt with in detail 
[Weinstock 1983a, 19901. The explicit case against the one intermediate in date is 
found toward the end of this paper. Its underlying argument and the Principia 
defense it refutes are most readily understood against the background-significant 
in itself-provided by the content of the next several paragraphs. (The most recent 
defense effort is implicitly refuted by the same content but will be treated separately 
in another article.) 
There is a particular approach to the defense of the Principia treatment of 
inverse-square orbits that deserves more careful attention than it has hitherto 
received. It has been proposed from time to time over the past dozen years but, 
so far as this author is aware, only once before has it been mentioned in print: 
viz., as a brief outline of its argument, with underdeveloped refutation, as (iv) in 
the Appendix of [Weinstock 19821. Various of its adherents still insist, at this 
writing, that it accurately reflects the argument outlined by Newton in Propositions 
XI-XIII cum Corollary 1 for a valid proof that an inverse-square force implies a 
conic-section orbit. Their claim is that the Principiu argument runs, in its most 
simply expressed form, essentially as follows: 
(i) Particle p, subject solely to an inverse-square force directed toward fixed 
point S, has a prescribed initial velocity at point A. Construct, according to the 
first sentence of(y) above, conic section C with focus at S and passing through A, 
HM 19 INVERSE-SQUARE ORBITS IN THE PRZNCZPZA 63 
at which point it is tangent to p’s initial velocity and possesses the curvature 
corresponding to p’s speed at A and the magnitude of the inverse-square force on 
patA. 
(ii) Let a second particle q, identical to p and having the same initial velocity 
(magnitude and direction) at A as does p, traverse conic C under the sole influence 
of a central force directed toward the focus S of C-the force law being whatever 
is required for q to have C as its orbit under the given initial conditions. (The 
magnitude of the force on q at A is determined by the curvature of C at A and the 
initial speed of q at that point.) 
(iii) From Propositions XI-XIII, as expressed in (a) above, the motion of q 
along the conic C must necessarily require an inverse-square force on q. The 
magnitude of this force at A must be the same (according to the parenthetical 
remark under (ii) and the identity of the initial speeds at A) as that of the given 
inverse-square force acting on p. Since the two forces are of inverse-square varia- 
tion and are both directed toward S, they must be everywhere identical; i.e., q 
and p are subject to the same force law. 
(iv) Thus, by the final clause of (y) above-namely, the uniqueness principle 
asserted as the final statement of Corollary l-the motions ofp and q are identical: 
The orbit of p must be the conic section C having focus at the force center S. 
The foregoing argument is cogent; it is an outline of a valid proof that an inverse- 
square force implies a conic-section orbit. The following sequence of observations, 
however, ought to be sufficient to demolish the claim that Newton, in Propositions 
XI-XIII cum Corollary 1 of Principia Book One, presents an outline of a valid 
proof of the theorem under consideration: 
(1) The proferred argument does employ ingredients offered by Newton as 
expressed in {(a), (p), (y)} above. But one of its major elements-the one embodied 
in (ii)-is not among Newton’s ingredients: Step (ii) uses the unproved assumption 
that for a given conic section there exists a toward-one-focus central-force law 
under the influence of which a particle, subject to appropriate initial conditions, 
must necessarily traverse the conic. Supporters of the proferred argument have 
declared that, within the scope of the Principia and the mathematical standards of 
the time of its writing, the assumption used in step (ii) is so obvious intuitively that 
no proof of it is required. My contention has long been that to produce such a 
proof is of the same order of difficulty as proving that an inverse-square force 
implies a conic-section orbit. I am not convinced that the item assumed is intu- 
itively obvious. 
(2) Suppose, however, that we adopt without proof the assumption embodied in 
step (ii) and accept its use without further ado in the proof outline (i) through 
(iv)-just as, for example, the context of this entire discussion accepts for use 
without proof the second and third sentences of Corollary 1 to Proposition XIII: 
to wit, (y) above. There remains, however, the Principia’s failure to mention the 
element assumed in (ii) as an item required in its purported proof that an inverse- 
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square force implies a conic-section orbit. This absence must surely vitiate the 
claim that in {(a), (/3), (y)} one finds an outline of a proof of this proposition, 
(3) Those who would protest that the item assumed in (ii) is “too obvious even 
to mention” -and so for whom (2) above carries zero weight-should be urged 
to recognize that what the Principiu actually presents in {((Y), (p), (y)} is not a 
cogently constructed argument, but rather a collection of ingredients that might 
suggest, to a sufficiently perceptive reader- as it has done-a valid line of argu- 
ment that makes use of the items of the collection. That such an argument, (i) 
through (iv), has been constructed from the Principia’s ingredients-with addition 
of an item “too obvious to mention” -serves as no basis for claiming the collection 
to be an actual outline of a proof that an inverse-square force implies a conic- 
section orbit. As it stands, the content of the Principia’s offering constitutes, when 
offered as a proof, a fallacy: It uses as hypothesis the motion of a particle in a 
conic-section orbit in an effort to prove that an inverse-square central force implies 
a conic-section orbit. 
(4) In order to bring out the full impact of the preceding observation (3), let us 
consider the following purported proof of the theorem, “If the internal bisectors 
of two angles of a triangle have equal length, then the two angles are equal.” 
(a’) We prove the transparent converse: “If two angles of a triangle are equal, 
then their internal bisectors have equal length.” The easy proof is based directly 
on the well-known symmetry of the isosceles triangle. Then, in detail, we proceed 
as follows: 
(p’) From the foregoing proposition (a’) it follows that if the internal bisectors 
of two angles of a triangle have equal length, then the two angles are equal. 
(7’) For if in AABC one has <ABC > <BAC, there exists a unique point G 
on side AC for which <GAB = QGBA. And if, in ABFH, BD is drawn with D 
lying on side FH, then the length of BD is less than that of at least one of BF or 
BH. 
It is conceivable that the foregoing might suggest to a perceptive reader how to 
construct a valid proof, using the ingredients set forth in (a’), (p’), and (y’)--with 
the addition of an item too obvious to mention -that equality of the lengths of the 
internal bisectors of two angles of a triangle ensures that the angles are equal. That 
such a proof has been so constructed [Weinstock 19381 serves as no basis for 
claiming, however, that the sequence {(a’), (p’), (y’)} itself provides, or is even 
an outline of, a cogent proof of the stated theorem. As it stands, the content of 
{(a’), (P’), (Y’)) constitutes, when offered as a proof, a fallacy: It uses as hypothesis 
in ((Y’) the equality of two angles of a triangle in an effort to prove that the triangle 
is isosceles. 
(5) The one-to-one logical equivalence between {(a’), (p’), (y’)} and {(a), (p), 
(y)} should be transparent: In 
((~)/(a’) there is proved a theorem: the relatively easy converse Q of the 
theorem T whose purported proof (or at least an outline thereof) is proferred; in 
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(p)I(p’) it is stated that T follows as a consequence of Q, because of 
(7)/(-y’), in which two true assertions are made, both of which are readily 
accepted without proof. 
From the ingredients thereby served up, it is possible to construct-with the 
addition of one ingredient not mentioned in{(a), (p), (~)}/{(a’), (p’), (y’)}, but “too 
obvious to mention”-an outline of a proof of T. 
The most significant difference between {(a), (p), (y)} and {(a’), (p’), (y’)} in the 
context of this paper resides within the mathematical background of twentieth- 
century readers: On the one hand they are likely to be reasonably familiar with 
differential-equation solution proofs that are based upon any of a number of 
uniqueness principles. Upon encountering the ingredients served up in {(a), (p), 
(y)}, many such readers will almost automatically arrange them appropri- 
ately-with a necessary augmentation accepted as too obvious to mention-into a 
proof outline such as{(i), (ii), (iii), (iv)}. Then-especially in view of the Principia’s 
purporting to have presented a proof-it is natural for the author of{(i), (ii), (iii), 
(iv)} or its equivalent to attribute his or her own cogent outline to the Principia 
itself. On the other hand, the modern reader is much less likely to be conversant 
with proofs of nontrivial theorems within the scope of plane Euclidean synthetic 
geometry. Very few can be expected to have a background of experience that 
enables one to pass directly from the ingredients served in {(a!‘), (p’), (7’)) to an 
outline of a proof such as [Weinstock 19381. Yet although one can achieve the latter 
by using every ingredient of {(a’), (p’), (y’)} -with one necessary augmentation too 
obvious to mention-it is unlikely that any reader would be inclined to accept 
{(a’), (P’), (Y’H as an outline of the proof achieved. 
From the one-to-one {(a), (p), (~)}/{(a’), (p’), (y’)} correspondence established 
above and the content of the paragraph directly preceding, the thoughtful reader 
should readily conclude that there exists no basis for the claim that Propositions 
XI-XIII cum Corollary 1 in Principia Book One serve as (even an outline of) a 
proof that an inverse-square force implies a conic-section orbit. 
* * * * * 
Although not going beyond what is offered in {(a), (p), (y)} to an elaboration 
such as {(i), (ii), (iii), (iv)}, the Principia defense set forth in [Aiton 19881 is in 
essence a counter to the objection, expressed above under (l), that step (ii) uses 
as an unproved assumption the existence of a toward-one-focus central-force law 
under whose influence a suitably started particle must necessarily traverse a given 
conic section. Dr. Aiton regards this, erroneously, as the “essential point of 
[Weinstock’s] objection.” He agrees that Newton does not in fact offer a demon- 
stration of the stated assumption, but he goes on to say 
an examination of the corollary to proposition 6, . . . as given in the first edition of the 
Principiu [Corollary 5 to Proposition VI in the second and third editions] shows that Newton 
regarded the result as obvious. For he concludes “Hence if any figure is given and in it a point 
to which the centripetal force is directed, the law of centripetal force can be found which will 
make the body rotate in the perimeter of that figure.” [Aiton 19881 
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(The quotation is the substance of the first sentence of Corollary 5 to Proposition 
VI, although in detail it is closer to the first sentence of the lone corollary to the 
same proposition in Principia first edition.) 
Perhaps, as Dr. Aiton concludes, Newton did regard the item assumed in (ii) 
above as obvious without its having been included among the ingredients offered 
in {((w), (p), (y)}. This brings us back, therefore, to (3) above: A detailed rereading 
of this observation, reinforced by renewed attention to observations (4) and (5), 
should convince the rereader that Dr. Aiton’s invocation of Corollary 5 to Proposi- 
tion VI does not serve to rescue the claim for validity of Newton’s purported proof 
offered in Propositions XI-XIII cum Corollary 1. 
Here follow two loosely pertinent comments on the Corollary 5 to Proposition 
VI introduced by Dr. Aiton (henceforward referred to as “The Corollary”): 
(a) In the course of the argument presented in each of the Propositions XI, XII, 
and XIII, the Principia invokes The Corollary in support of the conclusion reached 
in all three cases: namely, inverse-square force [Newton 1969,56-611. This is quite 
strange because of the obvious fact that the common conclusion (with modification 
pointed to in the final section of this paper) is achieved in each case without need 
of reference to The Corollary: It is a converse-viz., Corollary 1 to Proposition 
VI-that is actually required and is used. Yet it and The Corollary are both 
invoked-the latter without perceptible purpose-in each of the three instances. 
(b) The Principia offer no proof of The Corollary; all one finds in support of it 
is the assertion quoted by [Aiton 19881 above. Newton thus declares it to be a 
consequence of Proposition VI (or of any of four preceding corollaries thereto that 
serve, in Principia’s second and third editions, as equivalent statements of the 
proposition). But The Corollary is in fact a cOnuer.re of the proposition from which 
it is said to follow: Proposition VI establishes that if a body moves along a given 
arc under the sole influence of a force directed toward a particular point, then 
that force must be proportional to a definite ratio of geometric quantities. The 
hypotheses are thus the force center and particle orbit. In The Corollary, as we 
read above in the quotation from [Aiton 19881, for example, a major conclusion is 
identical with a portion of the hypothesis of the proposition from which Newton 
claims it to follow. This presents a clear-cut violation of the simple basic principle 
stated near the beginning of this article (yet, incidentally, earlier in the pages of 
the Principiu than the already cited violation in Corollary 1 to Proposition XIII). 
Use of The Corollary as an element in the Principia’s argument culminating in 
Corollary 1 to Proposition XIII-even in the peripheral sense indicated in [Aiton 
1988]-might therefore easily be regarded as a compounding of the argument’s 
dependence upon fallacy. 
* * * * * 
Within the foregoing there lurks unmentioned a feature sufficiently subtle for it 
evidently never previously to have appeared in print. It should be brought to light 
here because of its bearing, however tenuous, upon the soundness of the (post- 
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Principiu) argument presented as {(i), (ii), (iii), (iv)} above. Its emergence might 
be regarded as a natural consequence of a reexamination of the question as to 
precisely what is proved in Propositions XI-XIII in Principiu Book One. 
The need to reexamine this question first arose from a particular application of 
the Principia’s general method for determining the central-force law that must 
prevail when one is given a particle’s orbit and the point toward which the force 
on the particle is always directed. The general method is based upon the above- 
mentioned Proposition VI (via one or another of its first four corollaries); in the 
particular application the orbit is given as a circle and the force center as the 
circle’s center. Knowing that no unique force law can be determined in this 
case-which is of course a good reason for looking into the particular applica- 
tion-one proceeds via the start provided in Proposition VII, in which the Proposi- 
tion VI method is applied to a circular orbit for arbitrary force center [Newton 
1969, 49-501. Choosing the latter to be the center of the circle, one then performs 
the required elementary algebra and proceeds to draw the conclusion one knows 
in advance must prevail: The force law for such a motion can be any for which the 
force magnitude has the same value at all points of the circular orbit. 
The foregoing experience leads inevitably to a reformulation of the content of 
Propositions XI-XIII-one never before seen, perhaps, but which should be 
obvious to any one scrupulously attentive to the specific-orbit hypothesis in each 
of the three propositions, even without prior examination of the special circular- 
orbit application found in the paragraph preceding. What is actually proved in 
Propositions XI-XIII is the following: 
If a particle moves in a conic-section orbit under the sole influence of a force 
directed toward one focus, then the force magnitude must be given by 
f= 
k$(x, Y> z) r2 7 
where $ is uny function of position (x, y, z) whose nonzero value is the same at 
every point of the conic; k is a suitably chosen constant; and r is the distance from 
conic focus to (x, y, z). This differs, we note, from the universally accepted 
Principiu statement that the force must be inversely proportional to the square of 
the distance. 
The foregoing conclusion expresses, inter uliu, the simple fact that the central- 
force law under whose sole influence a particle traverses a particular path cannot 
be deduced from mere knowledge of that path and the force center. In order to 
deduce from orbital information an unambiguous law of central force toward a 
given fixed point, one must be prepared to postulate a sufficiently complete set of 
orbits pursued, under appropriate initial conditions, by particles moving under the 
sole influence of the force law. Thus, for example, once one has available the 
result of Propositions XI-XIII as laid bare in the preceding paragraph, it is easy 
to prove the following: 
Let there exist toward the fixed point S a central-force law such that every conic 
section having S as focus is the path of a particle which, having been given 
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appropriate initial position and velocity, moves solely under the influence of the 
force law; then the force magnitude must be 
where K is a constant and r is the distance from S. That is, the force magnitude 
must be inverse square. All one has to do for proof is to add to the actual 
Propositions XI-XIII result expressed above the readily proved fact that through 
any two points, neither collinear with nor equidistant from S, there passes a unique 
conic section having S as focus. 
Unless one knows in advance the force law that is being sought, there seems to 
be no way of ascertaining at the outset how complete the postulated set of orbits 
must be. Suppose, for example, one postulates a central force law toward fixed 
point S such that every circle centered at S is the path of a suitably initial- 
conditioned particle when moving solely under the influence of the force law. 
Although infinitely many orbits covering all of space are postulated, no specific 
force law can be unambiguously deduced. In the opposite direction, the set of all 
conic-section orbits having S as focus is unnecessarily lavish as hypothesis in the 
proposition of the paragraph preceding. The conclusion would follow even if we 
were to replace “every conic-section having S” by “every ellipse having S”, for 
example [Macklin 1971; Weinstock 19721. And, of course, there is the possibility 
that the assumed set of orbits may be so constituted as to preclude the existence 
of any central-force law toward a given fixed point such that along each assumed 
orbit an appropriately initial-conditioned particle could be expected to travel under 
the sole influence thereof. Such would be the case, for example, if the postulated 
orbit set were to include all hyperbolas having the force center S as focus and all 
ellipses having S as center. 
(It should be immediately noticed that there must be applied to the conclusions 
drawn in Corollary 1 to Proposition VII and in Propositions VIII-X modifications 
analogous to what is here applied in Propositions XI-XIII [Newton 1%9,49-541.) 
The tenuous bearing of the precise actual content of Propositions XI-XIII on 
the major thrust of this article lies in its signal role in the argument {(i), (ii), (iii), 
(iv)}, on which has been based a claim (as explained and refuted above) that the 
Principia do outline a proof that an inverse-square force implies a conic-section 
orbit. In step (iv), the argument invokes the uniqueness principle offered as the 
final statement of Corollary 1 to Proposition XIII: “and two orbits, touching 
one another, cannot be described by the same centripetal force and the same 
velocity”- as exhibited in (y) above. The question must be considered, then, 
whether in step (iv) the “centripetal force” (toward focus S) on particle q-postu- 
lated as traversing the constructed conic C with the same velocity at point A as 
that assigned to particle p-is the same as the inverse-square force toward S by 
which the motion of p is solely influenced. The hesitation, however, is only 
momentary: Although the force laws are not necessarily the same-K/r2 on p and 
k$(x, y, z)lr2 on q, as presented above- the fact that q is assumed to pursue a 
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path along which I+!J(x, y, z) is constant assures us that the actual forces experienced 
by the two particles are the same (for equal values of r). (We note that the 
adjustable value of constant k, set by the curvature of C at A, must be the fixed 
value of [K/$(x, y, z)] at all points of C.) 
The argument {(i), (ii), (iii), (iv)} therefore maintains its status as an outline of a 
proof that an inverse-square force implies a conic-section orbit. One must hold in 
mind, however, that it is not one that is offered in Newton’s Principia. As explained 
in this article, it merely makes use of ingredients found in the Principia, but which 
are presented there in such a way as to render fallacious the proof they purport to 
constitute. 
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